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1 Tetracyclines and 
Chloramphenicol 

1 HAROLO C. STANDIFORD 

All the tetracyclines are prlmatily bacteriostatic at therapeutic con- 
centrations and have a broad spectrum that includes gram-positive, 
gram-negative. aerobic, and anaerobic bacteria. spirochetes. myco- 
plasmas. nckettsiae. chlamydiae. and some protozoans The ana- 
logues can be divided into three groups based on differences in their 
pharmacology: (I) the short-acting compounds chlortetracycline. 
oxytetracycline. and tetracycline; (2) an intermediate group con- 
sisting of demeclocyclme and methacycltne; and (3) the more re- 
cently discovered. longer-acting compounds doxycyclme and mino- 
cychnc Although several other derivatrves have been developed 
called gf~c~lcyclLces. whtch have activity against tetracycline-resls- 
tant bactsna, none are available at this time ’ 

Structure, Derivation. Nomenclature, and Brand Names 

Unltke the fortuitous dIscovery of penlclllm by Fleming. the first 
tetracycline. chlortetracycllne. was dtscovered by screening organ- 
tsms obtamed from the solI for their antlmicrobtal properttes Benja- 
mm bl Duggar. a mettculous mycologist m his seventles. noted 
unusual antlmicrobtal actrvtty from organisms that formed a golden 
yellow colony Z He designated the orgamsm Srre@on+ces aureofu- 
cwu (L.. II~(TL(III. “golden”) and named the product Aureom)cm 
Oxytetracychne was derived from Srreyfornyces rimosus m 1950, 
and tetracycline was produced by the catalytic dehalogenarion of 
chlortetracychne in 1953 The two long-acting compounds were 
derived senusynthet~cally doxycyclme m 1966 and minocyctine m .^,_ -, c  . 1 I. AL. 

major brand names. doses. and coszs are hrted in Table ??-I of 
these. tetracycline HCI and doxycyclins have emerged as the most 
useful cluucally. Chlonetracychne (Aureomycin). the first menlbcr 
of the family, IS no longer avatlable cxcepr for topical use. and 
methacychne (Rondornycin) has been wuhdrawn from the market 

Mechanism of Action 

The tetracyctines enter bacteria by passive diffusion through porlns 
in gram-negative bacterta and are probably accumulated by a IpH 
dependent process.‘d Once within the ceil. they reverstbly btnd 
primardy to the 305 ribosomat subunit at a position thar blocks the 
bmdmg of the aminoacyl-transfer RNA to the acceptor site on the 
messenger RNA-ribosome complex 5 This preven& the adduton of 
new amino acids into the growing pepttde cham. The tetracychnes 
also inhibit protein synthesis m mammahan cells. partrcularly tn 
mitochondr~al r ibosomes. but apparently are not m sufhcienr concen 
tration in &se structures to produce severe toxictty.6 

In Vitro Activity 

The antimicrobial spectra of all the tetracyclmes are almost ldenrlcal 
Some differences, however, m the degree of activity against these 
organisms do extst among the analogues. [n general. the lipophillc 
congeners are more active than those that are more hydrophdlc It 
follows, therefore, that minocycline is the most active of the ana- 
logues. closely followed by doxycycline. The minimal tnhibitory 
concentration of the more hydrophilic congeners oxytetracycline and 
tetracycline are two- to fourfold tugher against many bacterta and 
are the least-active analogues. Despite these differences, for co51 
reasons it is recommended that tetracycline be used in the clinical 
nucrobiology laboratory to evaluate susceptibility for all the ana- 
logues ’ Muumal inhibitory concentrations of tetracychne and doyy- 
cychne for many aerobic bacteria are given in Table 2&2 For the 

I TABLE 2 a- 1 The Names. Preparations. and Usual Adult Oral Oosages lor 
the Tetracyclmes Currently AvaIlable I” the Umted States 

Gemtic Name (Major 
Brand Name, 

Company)’ Oral Prevarations 
Usual Adult Oral 

DOSage 

Shon-acungt 
O~ytcm~cycl”e 

(Tcmmycm Pfizer) 
Tcrracyclmc HClt 

Incermcdcm 
Dcmcclocyclmc HCI 

(Declo”yc”. 
Lcderlc , 

Long accmg$ 
Do~ycyclmc 

(Vlbramycm Pfircr) 

Mmocyzl”~ (hlmocm 
Lcdcrlc I 

Capsules 125. LSO mg 

Capsulcr. l@Il 50. 500 

“It 
Syrup I25 mglj ml 

Caprulcs Ii0 “g 
Tab& 150. 300 “g 

Gprulcs fhyclrtcl IO 
100 mg 

Tablcc\ SO Irx) mg 
syrup (calc”nll IO mgl5 

ml 
Syrup (monohydnul 2i 

mg15 “I 
Caprulrr 2nd rablctr SO 

100 mg 
S”spe”r,on 50 mgl5 “I 



TETRACYCLINE 

)~AcralNE MElti*CYCUNE oaxYcYcuME 

1~ 24-l. Chemical structure of the tetracyckner The dndiogues 
from tetracydtne df the hfth. stxth, or seventh posctron. ds tndtcated 

+Z dffOWS 

[ties of the other analogues. the reader is referred co the exten- 
work from the laboratory of Finland and colleagues.“o 
Ithough many of the aerobtc and facultative anaerobtc organ 
are within the spectrum of the tetracyclioes. more effective 

s are avatlable for the treatment of infecttons caused by most 
ese bacteria Pneumococci and ffaemophrfus in/k-n,-ae can be 
ited by concentrations of tetracyclines achieved in the serum. 
his provides a rattonale for their use in sinusttis and acute 
xbattons of chronic bronchttis.” However. pneumococci resis- 

- 

Wtt to-penicillin are gene&y more resistant to tetracyclines, al- 
though doxycycline is the more active congener.” ” Gonococci and 
meningococci are extremely susceptible; unfortunately. gonococci 
resistant to penicillin G also tend to be. resistant to tetracycline.“. (5 
In most cases. Escherichia co11 acqutred outsIde the hospital setting 
can be inhibited by concentrations achieved m the urine. if not the 
serum. Tetncychnes. therefore. are useful agents for the treatment of 
acute. uncomplicated. urinary tract infections and the acute urethral 
syndrome. Pseudomonas pseudomaller orgamsms are generally senst- 
tive, and this has therapeutic Importance. as does the high degree of 
suscepttbrlity of Erucefla spp. I6 ” tibrio cholerae. C’ibrio VU~,+,-~. 
and other vibrios are generally susceptible. and the tetracycline- are 
important for therapy for diseases caused by thts group of organ. 
isms.” Although Cumpyfobacrer spp are generally susceptible. a 
high percentage of reststant isolates has been noted in some coun- 
tries.“-” Therefore. it is not the drug of choice for tnfecttons caused 
by these bacteria. Shipella ogantsms have become mcreasmgly resis- 
tant.“’ Mycobacrerium marinctm is suscepttble and appears to respond 
climcaBy.” 

The tetracyclines have activity against many anaerobrc orgatusms 
(Table 24-3).” Their activtty against &xnom~cer is particularly 
relevant clmically. Doxycycline is more acttve against Bacreruides 
fiugifis than tetracycline is. but other agents are preferred for infec- 
tions caused by this organism The activtty of the tetracyclines 
against anaerobic bacteria, however. may be partially responsible 
for the effectiveness of the neomycin-tetracycline combination and 
doxycycline alone as alternative oral presurgtcal bowel 
prepararions.‘l. l6 Many pathogenic spuochetes are susceptible, in- 
cluding Borrelia burgdorferi. the agent of Lyme disease ” Other 
organisms generally inhibited by this group of anobtottcs tnclude 
rickettsiae. chlamydiae. mycoplasmas. and. to a Iunited degree. pro- 
tozoans (Pfarmodium spp. and Emamoeba hisrolyfica) !I 

Bacteria develop resistance to the tetracyclmes predominantly by 

!4 -L Minimal lnhlbitory Concentratmn of Tetracycline and Doxycycline for Common Aerobic and Facuftative Awtembic Bacteria 

No. of 
Strains 

56 

61 

IS 

Antibiotic 

Tecracycbnc 
00rycycl1nc 
Testncyclinc 
Dorycycline 
Tetracycbne 

Cumulative Percentage fnhibited by fndicatcd Conccotnt~anc (&ml) 

0.4 0.8 1.6 3.2 6.4 
~__ 

0 2 20 65 61 
2 2s 63 65 68 

10 SO 80 87 9a 
56 90 90 9j 95 
70 96 96 loo - 

Dorycycl~~c 100 
12 rerracyctlrte 0 0 SO 50 50 

D0xycycl1ne 0 so SO 50 50 
16 Tetncycbnc 0 0 0 0 IO 

Doxycychnc 0 0 0 0 IO 

25 Tetracycfiac 5 60 85 88 loo 
Doxycycl~nc 60 75 80 92 100 

10 Tecrracyclinc 0 SO loo 

Ynchin cot, DOKyC)TllnC 0 0 60 93 loo 
49 Tctracvcbnc 0 0 0 s 15 

‘W~h R*cumon,n~ Dory&line 0 0 0 5 15 
17 retmcyc1me 0 0 0 0 S 

‘=hcc<r jpp Donycyclinc 0 0 0 0 IL 
IO Tcrracvclmc 0 IO 10 50 70 

Donycyclcnc 0 
Te~rxycbnc 0 
Tetracycbnc 44 
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r-----T TABLE I: a I Mtmnal lnhlbstory Concentratmns of Tetracyclrne and Dowycyclme lor Commoo Anaerob~ Eacter~a 
---_ 

Org;lnism 
No. of 

Strains Antibia& 

36 
48 
66 
70 
90 
65 
77 
83 
83 
56 
67 
49 
61 
94 
94 

73 
73 
91 

9J 
4a 
SO 
79 

90 
43 
SJ 

36 II 
52 l! 
79 91 
90 w 
90 loo 
61 71 
81 88 
II> 81 
92 9’ 
67 61 
78 89 
52 61 
68 82 
%I 91 

IO0 - 

7J II 
81 96 
91 VI 
94 IO0 
I.? 46 
75 88 
87 94 
96 97 
SO 60 
68 79 

--- 

preventing the accumulation of tetracycline within the cell. This is 
accomplished by decreasing the influx or increasing the ability of 
the cell to export the anttbtotic.’ r9 Rarely. the tetracyclines are 
inactivated biologically or altered chermcally by resistant bacteria; 
oxidattve destruction has been found in a few species.“-” Resistance 
to one tetracycline usually implies resistance to all. although there 
are marked differences in the degree of resistance among spectes. 
The resistance among bacteria can be mediated by transferable resis- 
tance plasmids. The tetracyclines have been widely used in feeds to 
promote growth in animals. This may be a major factor in providing 
selective armbiotic pressure for the spread of plasmid-mediated resis- 
tance to these and other antibiotics rLrg 

Pharmacology 

Serum levels achieved by usual oral doses in adults are given in 
Figure 24-2 Absorption occurs primarily in the proximal small 
bowel and produces peak serum concentrations I to 3 hours after 
admimstration. The commonly used SO@mg therapeutic dose of 
tetracycline gives a serum level of 4 pg/ml. the highest of all the 
short-acting analogues I9 Doxycyclme and mmocycline (200 mg) 
achieve serum levels of about 2.5 p.g/ml. shghtly higher than levels 
attarned by the larger therapeutic doses of the intermediate 
agents - 

After the intravenous admmtstratton of 500 mg. serum levels of 
the short-acting agents (not shown) are approxrmately 8 pglmi at 30 
minutes and decrease to 2 to 3 pglml by 5 hours L1 Intravenous 

ejection of the usual 200.mg loadmg dose of the long-acting agents 
Aoxycycline and minocyclme produces serum levels of apptoxt- 
mately 4 pglml at 30 mmutes Once trssue drstnbuuon occurs for 
the long-acting analogues. the levels are almost identical to the 
concentratrom achteved orally.” 6 Tbrombophlebitis IS a frequent 
complication of the intravenous preparations. Intramuscular prepara- 
tions are available for the short-acting compounds but are not recom- 
mended because of the severe pain produced on injection. even when 
th,%,, .,cp m;ro,i ..,:* 1..-..I ----A....:--~ 

compared in Table 244. The hrgh levels obtained orally wtth tetra- 
cycline compared with other short-acting agents are due primanly to 
better absorption from the gastrointestinal tract. The long-acting 
analogues doxycychne and minocycline are absorbed almost com- 
pletely; thus, high serum levels are achieved with relattvely small 
doses.-’ The tetracyclines can be differentiated mto three groups 
on the basts of thetr different half-loves Doxycycline has the longest 
of all and allows therapeuttc levels to be maintamed with a stngle 

Y 
t I I I 1  

2 4 6 a 12 24 

Hours 

FIGURE 24-2. Serum levels achieved wrth the usually recommended ord’ 
doses of the tetracydrnes. Chlortetracyclrne and methacycltne dR no 



Chapter 24 - TETRACYCLINES AND CHLORAMPHENKOL 339 

66 
S8 

daily dose. although twtcedaily regimens are frequently recom- 
mended.“’ The I-hour half-life of tetrBcycline suggesrs that the dos- 
age interval could be 8 hours for this antibiotic when it is used to 

treat minor infections.” The half-lives of the compounds are deter- 
mined mainly by tlte rate of excretion by the kidneys. Chlottetracy- 
cline is an exception: it has a short half-life despite a slow rate of 
clearance as a result of the marked instability of the compound in 
vitro as well as in VIVO.” Adequate therapeutic concentrattons of all 
the cetracyclines. with the possible exception of ch{ortetracycline and 
~nocycline. are achieved in the unne for the treatment of urinary 
tract infections caused by sensitive organisms The degree of protein 
bindtng of the analogues is variable, depending on the methods used 
for the determination. but it tends to be greater for the mcermediate 
and long-acting compounds.‘- This may be one of the Factors that 
determines their slow rate of renal excretion. The apparent volume 
of distribution for most of the tetracyctines is greater than that of 

$cellular body water, thus indicating sequestration in ussues. 
zsumably the liver.“ Minocycline and dorycycline have the small- 

est volume of dtstribution. another factor that tends to enhance theu 
serum levels.” 

Tissue Distribution 

The tetracyclines can be found in small amounts in many tissues and 
fluids. m&ding the lung. liver. kidney. brain, sputum, and mucosal 
fluid. For tetracycline, the levels tn the cerebral spmal fluid are 
approxtmately IO to 26% of the serum levels,d’ M whereas concentra 
tions ifl synovial fluid and the maxillary sinus mucosa approach 
Serum levels.“. v All the tetracyclines are concentrated in unob- 
structed bile and produce levels in dais fluid 5 to 20 times those 
obtained in the serum. It has been suggested that liptd solubtlity is a 
primary determinant for the diffuston in many tissues. Minocycline. 
followed by doxycychne, is more Lipophilic at a physiologtc pH than 
are the other drugs. This may explain why mmocyclme reaches 
sufhctent concentrattons in saliva and tears to eradicate the meningo- 
‘octal carrier state. whereas the other tetracyclines do not ;’ I4 The 
tetracYcttnes cross the placenta and accumulate in fetal bone and 
teeth and therefore should not be given during pregnancy.” 56 They 
Ire excreted in breast milk; however. concentrattons in the infant’s 
serum are below detectability.” 

uenal and Hepatic Insufficiency 

The tetracyclmes should not he used in pattents wtth renal failure 
DoxycYchne the only exceptton IS excreted tn the oastromtestinal 
trTet under these circumstances. ‘Neither the half-IifeOnor the thera 

ic dose of thts anttbrotic vanes wtth alterations m  renal func. 
‘-CL” T‘h e tetracyclines are slowly removed by hemodtalysrs but nor 
effectrvely by peritoneal dialysis. Hepatic dtsease is not known to 

cause elevated serum levels of the tetracyclines. However. they 
should be used very cautiously tn such situations. because they have 
been noted to cause hepatic toxicity 

The tetracyclines can be measured by a number of dtfferent tech- 
niques. These include bioassay using Bucilfus cerew as the test 
organism. by high-perfotmance liquid chromatographic procedures, 
or by direct fluorescent chemical analysts.sqd’ but morutonng of 
serum levels during therapy IS rarely cndicated. 

To deity 

Skin and Allergy 

Hypersensitivity reactions including anaphylaxis. urticutia. perior- 
bital edema, fixed drug eruptions. and morbilltform rashes occur 
with tetracyclines but are not common.61-6’ A pattent who is allergic 
to one analogue should be considered to be allergic to all. There are 
a number of recent reports of a systemic lupus etythematorus-like 
syndrome reported in association with mtnocycline. These pattents 
have antmuclear antibody. Symptoms disappear in most patients 
when the antibtotic is discontinued and recur when rechallenged 4M’ 
Photosensitivity reacttons conststm g of a red rash on areas exposed 
to sunlight that IS frequently associated wtth onycholysis are most 
common in patients recerving demeclocycline but occur with all 
analogues. .X 6q They appear to be a toxic rather than an allergcc 
reactton. Prolonged admtnistration of minocyclme has been noted 
rarely to cause nail. skin, and scleral pigmentation, which is usually 
reversible, as well as an asymptomatic black pigmentation of the 
thyroid. ‘O ” A blue or blue-black discoloratton of the gums also has 
been reported; thts appears to be secondary to bone ptgmentatton. 
which is visible through the oral mucosal tissues. The pigmentation 
is permanent.‘L ‘r 

Teeth and Bones 

A gray-brown to yellow discoloratton of the teeth has been noted tn 
some communities in 808 of the children taking tetracyclines.“ Thts 
side effect is permanent and may be assoctatcd with hypoplasra of 

the ename16’ ” and depressron of skeletal growth in premature tn- 
fants x The darkening effect of tetracycltnes on permanent teeth 
appears to be related to the total dose of the anttbtottc admrnistered 
fn a retrospective study. cosmetically notrceable but mild darkenmg 
of the permanent teeth occurred tn 3 of II children recetvmg five 
courses of tetracycltne. whereas 1 of 6 chtldren recervmg eight 
courses had moderate darkening of the enamel ” Pnmary teeth gener 
ally show more darkenmg than do the larger. thicker. and mote 
opaque permanent teeth Smce there is some variability cn staintng 
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with similar tetracyclme exposure. It IS prudent not co adrrunister 
these agents to pregnant women and to children up to the agz of 8 
years. the period when tooth enamel IS bzmg formed For this reason. 
the Food and Drug Administtatton has withdrawn from the market 
the concentrated liquid dosage forms (drops) specifically intended 
for pediatric use.” lt IS not unreasonable. however. to admimster a 
single course of tetracyclme therapy to young children for specifi- 
cally defined indications when rhe alternative regime may produce 
more severe toxicity. Thus, the tetracyclmes may be tndtcated for 
children suspected of having Rocky Mountam spotted fever who can 
tolerate oral medications. Doxycychne binds less wcth calcium than 
do other tetracyclines and may cause dental changes less frequently 
in childremm 

Gastrointestinal Symptoms 

The tetracyclines are imtattve substances and frequently produce 
gastrointestinal symptoms after oral admmisuatton. Esophageal ul- 
cerations-that are mamfested as retrostemal pam exacerbated by 
swallowing have been clearly documenczd after tetracycline and 
doxycycltne administration. fn most cases. the patients were taktng 
the capsules with little or no fluid just before going to bed. A word 
of caution to the patient is Indicated m order to prevent thts toxicity. 
The complication may also occur m  pattents with esophageal ob- 
struction or motility dtsorders.80- 8L Nausea. vonutmg, and epigastric 
distress are dose related and limit the dose of most of the analogues. 
The administration of food with doxycyclme. minocyclme, or oxytet- 
racycline may ameliorate some of these symptoms, but food seriously 
decreases the absorption of the other tetracychnes. Diarrhea is most 
often associated with analogues that are poorly absorbed and appears 
to be related to alterations in the enteric flora. Doxycyclme produces 
less of an effect on bowel flora than does tetracycline!z The diarrhea 
usually subsides when treatment wtth the antibiotic is stopped. but 
prolonged symptoms due to pseudomembranous colitts have been 
reported.” Tetracychne also has been noted. rarely. to cause pancre- 
atttts with or without overt liver disease.*’ 

Liver 

The hepatoxicity of the tetracyclmes, first described tn patrents re- 
ceiving intravenous chlortetracycline but now described with other 
analogues. appears pathologically as a fine droplet fatty metamorpho- 
sis and results in a htgh motility. a’ 96 The administratton of less 
than 2 glday intravenously is not associated wtth liver dysfunction 
or injury except in pregnant women. who are particularly at risk,” 
and in patients with an excessive serum level due to renal failure.‘# 
Thts toxicity is rarely reported wrth doxycyclme.‘q po 

Renal Function 

The tetracyclines aggravate preextstmg renal failure by inhibiting 
protein synthesis, which Increases the atotemla from amino acid 
metaboltsm 9’ Neptuogenic dtabetes insipidus IS produced by de- 
mcclocyclrne, a srde effect that has been used therapeutrcally to 
reverse chrome tnapproptiate antldlurettc hormone secretion;” renal 
farlure has complicated Its use for this purpose in patcents with 
c~mhosis ” Outdated tetracyclme has produced a reversible Fanconr- 
like syndrome with renal tubular acldosls. but tetracyclms formula- 
tions producing thts syndrome have been mod&cd It IS unhkely that 
thrs complicatton will recur I* 

Nervous and Sensory Systems 

Verugo is a side effect unique to mmocyclme Symptoms of light- . . I_.. .- . 

reverstble within several days after the discontmuation of therapy 
wtth the antlbiotlc, but this side effect has seriously hmi(ed the 
use of minocyclme.” Benign mtracranral hypertznston (pscudotumor 
cerebn) has been described in infants and adults wtth many of rhrr 
analagues ‘j v6 

Superinfection 

Colonization by tetracycline-resistant organisms IS a frequent o,-CUr. 
rence during tetracycline therapy and IS generally of httle cllmcal 
rigniticance. Rarely. a fulminating diatiea resulting from C/osrrd 
mm dfcile pseudomembranous colitis or staph)lococcal enter,tls 
may occur after oral or parenteral therapy”’ 9d More often and 
less serious. oral or vagmal monaliasis complicates treatment. a 
complication that may require specific therapy. 

Significant Food and Drug interactions 

Food adversely affects the absorption of tetracycline. chlortetracy. 
cline. methacycline, and demeclocycltne. Doxycychne and mmc~y. 
cline absorption decreases by less than 20%. which does not appear 
to be important clinically. pp ‘O” All the tetracyclines form complexes 
w&h divalent or trivalent cations. Therefore. absorption ir markedly 
decreased when these drugs are admintstered simultaneously with 
calcium. magnesium. and aluminum in antacids; mtlk; iron and Iron- 
containing totucs; multivitamins; didanosine; or sucralfate. Admmls~ 
tration of the drugs should be spaced by 2 hours.‘O’. lo1 Sodium 
bicarbonate also has an adverse effect on absorption and should not 
be admmistered simultaneously. ‘O’ Ctmetidiae has been shown to 
decrease the absorption of tetracycline, but this is unlikely to be 
significant in the clinical situation ‘01 Carbamazepine (Tegretol). di- 
phenylhydantoin. and barbiturates decrease the normal half-lrfe ot 
doxycyclme to almost one half by increasmg the hepattc metaboltsm 
of the antibiotIc.“” lo6 Chronic ethanol ingestion has also resulted in 
a shorter half-lrfe of doxycycline but not tetracycltne, presumably 
also through the induction of hepatic mrcrosomal enzymes lo’ Me- 
thoxyflurane anesthesia may cause nephrotoxictty when adnuntstered 
with tetracychnes.‘ad Lt has been suggested that this adverse tnterac- 
tton occurs with the newer. less nephrotonic fluorinated anesthettr 
agents as well.lm The use of these anttbtottcs concurrently with 
diuretics produces an elevated blood urea nitrogen level. although 
the exact mechanism has not been deternuned ‘lo It has been reported 
that women receiving oral contracepttves have become pregnant 
while receiving tetracycline. This may be caused by the reducttolt m  
bacterial hydrolysis of conjugated estrogen m the mtestme “I I” 
Women should be advised to use an addrtional form of buth control 
The tztracycbnes may potentiate the effecu of oral antlcoagulant~. 
making careful momtonng of prothrombm tmles essential 

There is tn vitro antagonism when ante-Infective agents that are 
primarily inhibttoq are combined with cldal agents Thus appears to 
account for the poor outcome in the treatment of pneumococcal 
meningms with penicdlm and tetracyclme Whether II can be gener 
ahzed to other mdtcatlons LS not known “I 

Indications 

The tetracychnes are the drugs of choice or efficrlve altcnratl~~: 
therapy for a wide variety of bacterial. chlamydtal. mycoplasmal. 
and rtcksttslal rnfecttons (Table 24-S) azL1’6 The use of mmocychnc 
for early (withm the first year of disease) rheumatoid mhritll 1s of 
note as is the use of mtrapleural tztracyclrne for the control of 
malignant pleural effusions 11’-1’9 The tetracyclmes have no role in 
the treatment of viral or fungal diseases Teuacyclme or doxycycllnc 
can be used mterchangeably for most of these rndlcatlons However. 
comphance may be better wcth doxycyclme since I[ can be tdkcn .., . . 
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joon after chloramphenicol was released tn the United States in 
1949. reports linked this highly effective agent with aplastic anemia, 
md it qutckly fell into disfavor The Increased awareness of the 
Jathogemcity of anaerobic organisms and the development of ampi- 
:rllin-resistant H. influenzae accounted for a brief resurgency How- 
:ver, the availabdity of other agents has dramatically reduced the 
leed for this antibiotic. Because it IS effective. readily available 
:often over the counter). and inexpenslve. it is still used as first-line 
herapy for entenc fever and other infections in many parts of the 
uorld [n the United States and other developed nattons, chloram- 
)hemcol remains a useful antlbiottc. but only as altemattve therapy 
In seriously ill patients or for patients Infected with very antibiotic- 
:esistant organisms. 

Structure, Derivation, Brand Names, and Preparations 

Like the early teuacyclines. chloramphenicol was discovered by 
:creeomg organisms for their anttmicrobial actrvity. [solated indepzn- 
lently by Burkholder from a mulched field ne;Lc Caracas. Vcnezu- 
:lalrn and by workers at the University of Illmols from compost.“’ 
he organism producing the active compound was named Srrc~~rom~- 
res ‘~rce:uefae I?1 The stmcture of chloramphenicol is shown in 
fgm 74-3. It was the first antibiotic whose chermcal synthesis was 
~conomrcally and techmcally practical for large-scale productIon “’ 
In many countries, chloramphenicol IS avadable tn 250.mg capsules 
[Chloromycetin. P&e-Davis). suspensron I50 mg/5 ml (Chloromy- 
“%n Palmnate), and as a parenteral formularron (Chloromycetin 

um Succmate, l-g powder) Generrc formulations are also avail- 
‘. --i. It also is avaIlable as Chloromycetm ophthalmrc omtment I’%: 

Chloromycetin ophthalmic 25 mg (powder to prepare ophthalmic 
solution) and Chloromycetin Otic (drops). in the United States, 
Parke-Davis discontinued manufacturing the oral Chloromycetin 
Kapseals (30 mg) in 1995 and the Chloromycetin Palmirate in 1991 
No oral products are currently available in the Unltcd Statzs. ln 
March 1998. Parke-Davis sold therr remaining line to Monx,-h 

Pharmaceuticals (David Rhodes. Medical Affairs. Parke-Davis. Fr. 
sonal communication) 

Thlamphcmcal. nor available m the Umced Stites, is an analogus 
tn wtnch the p-n’uo group on the benzene ring is replaced by a 
mzrhylsulfonyl group hS spectrum of .acti\ icy is sl&a to (hat of 
chlommphemcol. but it has not been reported IO cause aplastic an<- 
mia. 

Mechanism of Action 

Chloramphenicol appears to enter rhe cell by an energy-dependent 
process.“’ Once wlthm the cell. IL iniubits protein synthesis. Thus is 

accomplished by reversibly binding to the larger SO-S subunir of the 
70-S ribosome at a locus that prevents the attachment of the amino 
acid-containing end of the aminoacylaansfer RNA to its binding 
regron. Wtthout this attachment, the association of the amino acid 
substrate with peptidyltransferase does not occur and peptide bond 
formation is prevented.’ This block in protem synthesis produces a 
static effect against most sensitive microorganisms. However. chlor- 
amphenicol is bactericidal against some meningeal pathogens such 
as H. inflUe?lzAe, Streptococcus pneumoniae. and Neisseria mencngi- 

ridis but not group B streptococci oc enteric ,-m-negative bacilli at 
concentrations that can be achieved therapeutically.‘“-‘” Alrhough 
mammalian cells contain primarily 80-S ribosomes that are unaf- 
fected by chloramphenicol. the mitochondria do contain 70-S parti- 
cles. The effect of chloramphenicol on these has been suggested as 
a cause for the dose-related bone marrow suppression ot the com- 
pound but not the rdiosyncratic aplastic anema ‘Id 

IO Vitro Activity 

Chloramphenicol is extremely acttve against a variety of organisms, 
including bacteria, spirochetes. rickettsiae. chlamydiae, and myco- 
plasmas. The percent of strains of bacteria inhibited at various 
concentrations of antibiotic is hsted in Table 24-6. Most of the 
gram-positive and gram-negative aerobic bacteria are inhibited by 
concentrations easily achieved in the serum of patients. but more 
active or less toxtc therapeutic agents are avadable for most of these 
pathogens. p I0 I6 ?‘. ‘LJ ‘19-“J Salmonellae including Salmonella vph 

are generally susceptible. ‘I1 fn the United States, resistant stramr 
occastonally occur.“4 but imported strains may be highly resistant 
The three most common organisms causing meningitis in childhood 
(H. influenzae. Strep. pneumoniae. and N. meningifidn) are hrghly 
susceptible.‘” “I ‘I6 although rare resistant strains of each species 
have been reported. The overall rate of H. rn&enzae resistance 
among clinical strains in the Uncted States is approximately 0 66.“’ 
Indeed. strains of H. infiuenzoe that cause climcal tnfections and are 
resistant to both chloramphenicol and ampicillin have been Isolated 
in several parts of the world.“S-“O These resistant isolates are IJI~: tn 

the United States and Canada but rather frequent tn Spain I” I” 
Chloramphemcol IS one of the most active anttbtotlcs against anaero 
btc bacteria includmg the 8 fragdis group. but other agents have 

19 
c - CHClz 

o,rc c_3~+c”lo* 

FIGURE 24-3 Chem’cdi structufe of ctdoratnphemrol 
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become more important clinically to treat infections caused by these 
bactena.l‘. ‘-“’ 

Bacteria develop resistance to chloramphenicol by becoming im- 
permeable to the drug or by producmg an  enzyme, aceryltransferase. 
that acetylates the antibiotic to an  inactive diacetyl derivative.‘” Id9 
This latter mechanism has been R factor mediated and  has been 
responsible for widespread epidemics of chloramphenicol-resistant 
typhoid fever and  Shigello dysentery in Central and  South America. 
Xetnam. India, and  other countries.‘*” It has been suggested that 
the unrestricted over-the-counter sales of chloramphenrcol  m the 
countries involved may be  an  important factor that provides antibi- 
otic pressure for the development of these resistant strains ITL- ‘II In 
the United States. chloramphenicol resistance in Salmonella has been 
traced to the use of chloramphenicol on  dairy farms 3g  

Pharmacology 

Chloramphenicol serum levels achieved by different routes of admin- 
istration and  with dcfferent product forms are hsted in Frgure 244  
Chloramphenccol  m the encapsulated form IS well absorbed from the 
gastrointesunal tract and  results in peak serum levels of 12  &ml of 
active antibiotic after a  1-g dose.“’ “’ Since If IS a  very bitter 
substance, aqueous solutions may not be  accepted by chtldren. A 
tasteless suspension in the form of chloramphemcol palmitate is 
available in some countries. This preparauon must be  hydrolyzed in 
the intestine to produce active chloramphenicol.  Al though earlier 

formulations sometimes produced erratic serum levels, the bioavail- 
ability of chloramphenicol palmitate in the current formulation is the 
same as in the capsules and  is effective for children with I/ tn@n 
zae meningitis (A. I. Glazko, Warner-Lambeflarke-Davis Phdfftla 

ceutical Research Division, Ann Arbor. Michigan, personal 
communication). ‘X “’ In the United States, the oral preparat ions tie 
no longer available. Practitioners must resort to using the intravenous 
preparat ion orally; pharmacokinet ic data is meager.  In one:  pdtlent 
receiving an  oral dose equivalent to 1  g  of chloramphentcol monn 
succinate diluted in a  glass of milk. peak serum levels at 7  hours 
were 4.3 &g/ml by microbiologic assay compared with 5  0  &ml In 
three volunteers receiving the compound mtravenously and  assayed 
by the same methodology. If oral therapy is required usmp th{r 
intravenous formulation, assays are essential.“n  

The intravenous preparat ion of the drug is the soluble bur inacrivc 
chloramphenicol succinate ester that is rapidly hydrohzed wlrhl” 
the body to biologically active chloramphenicol is’ Thtr prepara[ iO” 
produces active chloramphenicol levels m the serum that are 70’70 Of 
those obtained after oral administratton due  to mcomplete hydro’y 
sis.‘y Bhutta and  col leagues found consistendy lower serum le vel, 
when treating typhoid fever compared with other dtseases with gnua  
venous chloramphenicol in children and  suggested a  dose of 75 mg’ 
kg/day tnstead of 50  mg/kg/day to compensate 160  Intramuscular 
mjection is well tolerated and  in most studies produces peak serum 
levels and  areas under  the serum-level curve srmilar to those Of 
Intravenous admiaistration.‘6i-~M [n adults with enteric fever. bow- 
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intermtdtates of the annbiotIc Thus type of toxIctry has occurred m 
identical twins. which suggzsrs a generic predisposition.“’ Morley 
and coworkers have observed chat mice given chloramphenicol after 
treatment with busulfan had a progressive decrease iu the number of 
pluripotential slem cells. whereas control mice did not.“’ suggesring 
thaf the aplastic anemia nught rzsulr in patients with unrecogntzed 
preexiscmg residual marrow &mage either genetic or acquired In 
!967. Holr observed chat the aplasric anemia occurred only after oral 
administration of the anttbioric Iw He postulated that the fatal reac- 
tion may be caused by the ab>orptton of COXK products produced by 
enzymatic degradation of chloramphenicol. perhaps as a result of 
specific types of bacteria colonizing the gut of affected people. 
Supporttag this hypothesis. Jimenez and colleagues have shown that 
one of chloramphenicol’s mzrabolices, dehydrochloramphenicol. IS 
lo- co 20-fold more cytotoxic than chloramphenicol yet is only one 
third as effective in inhabiting protem synthesis.“’ thus suggesting 
that this metabolite and perhaps others may play a significant role in 
this toxicity. These toxic metabolites may undergo further metabolic 
transformation m the bone marrow with on-site production of toxic 
infermediates.‘Pd lw Although the number of cases reported is greater 
after oral therapy, a number of cases of aplastic anenua from paren- 
teral chloramphenicol even after the administration of eyedrops have 
also been reported.‘m, lo’ These latter cases have received consider- 
able debate but are very rare; estimates of serious hematologic 
toxictry appear to be no more than 3 tn 442,543 patients and most 
likely much less.30’ UOJ In a review of 426 cases of aplastic anemia. 
none of the pattents used chloramphemcol eye drops.ro” 

Although most cases of aplasttc anemia from chloramphenicol 
become apparent after the completion of therapy. it should be empha- 
sized that 22% of the cases occur concurrently with antibiotic 
administration.‘9L ZXN Whether some of these epcsodes can be pre- 
vented by checking the blood countS of patients is not known. 
Until the pathogenesis of the toxicity is clearly understood, it ts 
recommended that a complete blood count be obtained on a twice- 
a-week basis from all patients receivmg chloramphemcol. If the 
white blood cell count decreases below 25OO/mm’, it is desirable to 
discontinue treatment wtth the antibiotic if the clmical condition 
allows It should be recognized. however. that low numbers of whte 
blood cells may occur m illnesses for which chloramphemcol is 
used. such as typhoid fever. 

Also of concern are the reports of chtldhood leukemia after the 
use of chloramphenicol. Although these cases generally follow the 
aplastic anemik a population-based casecontrol interview study of 
309 chddhood leukenua cases and 6 I8 age- and sex-matched controls 
showed a significant dose-response relation between chloramphenicol 
and the risk of both acute lymphocytic and nonlymphocytrc leuke- 
mia. pamcularly after treatment for greater than IO days in children 
wIthout prior aplastic anemia. Untd this is more clearly defined. I[ 

seems prudent to change therapy as quickly as possible to alternate 
agents when organtsms prove susceptible to other equally effective 
and less toxic antibiotics.“’ 

Chloramphenicol may also produce a hemolytic anemia in pa. 
tier&s wirh the IMediterranean form of glucosed-phosphare dehydro- 
genase deficiency Thus apparently does nor occur with the rudder A 
type glucose-6-phosphate dehydrogenase deficiency. which is the 
most common form in blacks.:M 

Gray Baby Syndrome 

The gray baby syndrome of neonates IS charactenzzd by abdonunal 
dtstentton. vormtmg. flaccidity, cynosls. circulatory collapse. and 
dearh. The srde effect results from a dmunished abthty of neonaces 
to conjugate chloramphenicol and to excrete the acnve form m the 
urme N’ If chloramphenicol is necessary In premature tntants and 
neonates, the dose should be reduced to 25 mgkglday and the 
antiblouc levels should be monrtored. Thts syndrome has also been 
recognized in toddlerc and after acrg&=nral nver~nr~c in adulrc ?D8 Z(19 

co1 of greater than 50 fig/ml and may present wtrh ~ne~~l~,,,~d 
mewbohc acidosis.“’ Large-volume exchange transfusions or char 
coal hemoperfusion have been used co accelerate drug removal Th,s 
syndrome is due tn pan to impaired myocardial conrractlht) relate,, 
to direct interference Of myocardial nssuz respirauon and oxidarlre 
phosphorylatation.“‘-‘” 

Optic Neuritis 

Opuc neuritis resulting in decreased visual acuuy has been described 
in patients receiving prolonged chloramphenicol therapy.‘” The 
symproms are generally reversible, but loss of vcsion has Occurred 

Other neurologic sequelae such as petipheral neuritis. headache, 
depression. ophthalmoplegia. and mental confusron have also been 
described. 

Other Types 

Hypersensitivity reactions (includmg rashes and drug fevers) and 
anaphylaxis are rare. Herxheimer-hke responses during therap) for 
syphilis. brucellosis. and typhoid fever have been observed. Sln~p 
rams involving the gastrointestmal tract, mcludtng nausea, vonutmg 
and diarrhea. glossitis. and stomatitis. occur bur have not been a 
major problem. Bleeding due to decreased vuamm K syntheslr h,lr 
resulted from prolonged administration 

Significant Drug Interactions 

Chloramphenicol prolongs the half-life of tolbutamide. chlorprop- 
amide, phenytoin, cyclophosphamide. and warfann (Coumadin). ap- 
parently by inhibiting hepaclc microsomal enzymes.“6”p Severe IOX. 
icity and death have occurred. Phenytoin. rifampin. and phenobarblral 
have been observed to decrease the serum concentranon and Increase 
the total body clearance of chloramphenicol, perhaps by inducing 
hepatic nucrosomal enzymes. Serum concenuarions should be moni- 
tored when these drugs are adnumstered concurrently -a I” The 
physician should be on the alen for toxiciry from other agents Ihal 

TABLE 2 4 - 7 lndwzatmns for Chloramphenrcol’ 
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-tabolized by the liver when administering this agent and 
monitor serum levels when these drugs are admimstered 

rzntly. Chloramphenicol may delay the response of anemras 
. fobc actd. and vtcamm B,:.“’ 
-ramphenrcol IS primarily a bacteriostaric agent and wtll an- 

tn vttro the bactericidal activity of the pemcdlms. cephalo- 
*. and ammoglycoside antibiotics This has doubtful clinical 
:ancc m most instances. However, care should be exercised m 
: of such combinations for infections that require bactericidal 
, for efficacy such as for tnfections in the graanulocytopemc 

tn the treatment of cndocardicisT3 In the treatment of menin- 
he bactznostartc activity of chloramphenicol against group B 
cocci and its m vnro antagonism with ampicillm against this 
;m are of concern and should be considered m selecting 
,. whzn &is orgarusm LS likely to be a pathogen.‘” 

nical tndications for the use of chloramphenicol are listed tn 
14-7. with the possible exception of typhoid fever in areas 
cost and availabdity make it the primary therapy, it is no 
the drug of choice for any specific infection. The third- 
ion cephalosponns have superseded chloramphenicol for the 

:nt of bacterial meningitis in infants and children. though 
nphenicol is still used for the treatment of meningitis in the 
lin-allergic pattents.” Occasionally, the antibiotic is useful 
he differential diagnosis includes both meningococcemia and 
Mountam spotted fever. diseases that may be difficult to 

dish on clintcal characteristics. Of note is the occasional use 
mmphenicol for the treatment of infections caused by multiply 
I[ organisms, although its use for meningitis caused by penicil- 
stanc pneumococcus has been discouraging.‘2C’*’ 
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I Rifamycins 
I BARRY M. FARR 

H,C- 

MECHANISM OF ACTION 

The rifamycrns esen a  bacterictdal effect by inhibition of DN.A 
dependent  RNA polymerare a[ the P-subunit. which prevents chat” 
initiation but not elongation ’ Mammalian mitochondrial RNA syn 
thesis is not ImpaIred at chmcally achievable conccntrattons. 

PHARMACOLOGY 

Rifampm IS available m  the United States as a  capsule of Orangs-red 

powder  and  as a  solution for mtravenous infusion. The oral prepara 
tion is almost completely absorbed from the gastrointestinal tract to 
yield peak plasma concentcat lons of approximately 7  to IO p.g/lnl 
(range. 4  to 32) within I to 5  hours after the ingestion of 600  mg in 
adults or IO mg/kg of body weight in children. Higher doses such 
as 1200 mg in adults result in a  similar, more-than-propol-r ional 
increase in the peak (230 pg/ml) serum concentration, because such 
doses exceed the biliary transport maxImum (Tm) for the excl-etton 
of rtfamptn.’ The area under  the curve shows a  similar, more-that\- 
proport ional increase after saturation of the biliary Tm. whch usually 
occurs with doses between 300  and  450  mg. For this reason. a  slngl,~ 
daily dose 450  mg or greater result-s in higher area-under-the-curve 
values for r i fampm than do  divided doses totaling the same amount  

The recommended dosage is usually 10  to 20  mg/kg (600 mg 
maximum) m a  single daily administration. A I% weight/volume 
oral suspension containing LO mg/d may be  prepared by mixing the 
contents of four 300-mg capsules with 120  ml of any of several 
commercially available syrups according to the directions in the 
package insert or the Physiciurrr’ Desk Reference.6 It should not be  
cosuspended with other antituberculosis agents such as isoniazid or 
pyrazinamide. or with ascorbic acid, because such cosuspensions are 
associated with a  significant decline in detectable concentrat ions ol 
the drugs.’ Fixed-dose combinations with isoniazid or pyrazinamide. 
or both. in a  capsule or tablet have not resulted in impaired absorp- 
tlon, however,  and  can be  used to prevent il l-advised monotherapy 
of tuberculosis * An oral desensit ization protocol for rifampin wac 
adapted from one  devcsed for penicillm and  used successfully III 
treating patients with previous cutaneous hypersensmvity reactions 
to rifampin.’ 

Dosage adjustment is unnecessary in renal failure, but rifarnpul 
should be  avoided or used with caution (perhaps at a  lower dosage)  
in patients with hepatic dysfunction. Food with a  high fat concentra 
tion interferes wtth absorption. lowering and  delaying peak blood 
levels.‘” Para-atninosahcyh~ acid also interferes with absorpt ion In 
one  study, absorpt ion was found to be  diminished in patients with 
acquired immunodeliciency syndrome (AIDS) and  D-XylOSe malab 
sorption.” 

The drug IS 80% protem bound in serum and dtsuibutes Into J 
volume calculated to be  160% of body weight Plasma clearance 15  
through hepatic uptake, deacetylat ion to an  active metabohte.  and  
bilrary excretion. Deacetylatton diminishes reabsorpt ion and  in- 
creases fecal excretion, but there is sigmticanr enterohepatic circula 

Rtfampm IS d  semIsynthetIc derlvatrve of rifamycin 8. a  
macrocyclrc anubtotlc compound produced by the mold Srreproncyces 
trledlferraclel. First isolated from fermentation culture of a  so11 isolate 
m 1957.  rt famycms were named for a  thencurrenc French movie* 
Rlfifi ’ Rlfamptn. which is the 3.4.methylp~perazlnyliminomethyl 
dzrlvatlve of nfamycm SV, is more soluble and  active in vitro than 
is its parent compound (Fig 25-l).’ bfampin is a  zwitterion (inner 
salt) that is soluble in acichc aqueous solution, is even more SOIU- 
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